Background and Purpose: The significance of transient neurological attack (TNA) symptoms is unclear. We sought to determine the risk of ischemic stroke after discharge from the emergency department (ED) with a diagnosis consistent with symptoms of TNA. Methods: Using administrative claims data, we identified patients discharged from EDs in New York between 2006 and 2012 with a primary discharge diagnosis of a TNA symptom, defined as altered mental status, generalized weakness, and sensory changes. The primary outcome was ischemic stroke. We used Kaplan-Meier survival statistics to calculate cumulative rates, and Cox regression to compare stroke risk after TNA versus after transient ischemic attack (TIA; positive control) or renal colic (negative control) while adjusting for demographics and vascular risk factors. Results: Of 499 369 patients diagnosed with a TNA symptom and discharged from the ED, 7756 were hospitalized for ischemic stroke over a period of 4.7 (+1.9) years. At 90 days, the cumulative stroke rate was 0.29% (95% confidence interval [CI]: 0.28%-0.31%) after TNA symptoms versus 2.08% (95% CI: 1.89%-2.28%) after TIA and 0.03% (95% CI: 0.02%-0.04%) after renal colic. The hazard ratio (HR) of stroke was higher after TNA than after renal colic (HR: 2.13; 95% CI: 1.90-2.40) but significantly lower than after TIA (HR: 0.47; 95% CI: 0.44-0.50). Compared to TIA, TNA was less strongly associated with stroke among patients under 60 years of age compared to those over 60. Conclusions: Patients discharged from the ED with TNA symptoms faced a higher risk of ischemic stroke than patients with renal colic, but the magnitude of stroke risk was low, particularly compared to TIA.
Introduction
Transient neurological symptoms are termed transient ischemic attack (TIA) when the symptoms have a clear vascular anatomical localization. Patients with TIA face a high risk of subsequent ischemic stroke, particularly in the shortterm.
1,2 Rapid evaluation and management of patients with TIA has been associated with a reduction in stroke risk. 3, 4 Patients frequently present to emergency departments (EDs) with nonspecific neurological symptoms that resist a clear etiologic diagnosis. These symptoms, variably defined, have been termed "non-focal transient neurological attacks (TNAs)" and "nonspecific neurological attacks." 5, 6 Such symptoms have previously been associated with only a slightly increased risk of stroke. 5 On the other hand, a recent study found evidence of acute cerebral infarction on brain magnetic resonance imaging (MRI) in nearly 25% of a cohort of patients diagnosed with TNA by stroke neurologists at a specialized referral clinic. 7 An additional study of patients evaluated at a specialized TIA referral clinic found that 10% of patients with recent isolated atypical TIA symptoms had a final diagnosis, upon imaging, of minor stroke. 8 Given these conflicting findings, it remains unclear whether transient neurological symptoms not classified as TIA represent benign entities or portend a significant stroke risk.
In this study, we sought to understand the population-level clinical relevance of these types of transient neurological symptoms by investigating the risk of stroke in patients discharged from the ED with a primary diagnosis of a TNA symptom.
Methods Design
We performed a retrospective cohort study using administrative claims data from all nonfederal ED visits in New York State from 2006 through 2013. The New York State Department of Health Statewide Planning and Research Cooperative System provides standardized discharge data to the Agency for Healthcare Research and Quality, which assigns each patient an anonymous identifier to facilitate de-identified, longitudinal tracking. 9 The percentage of patients with a verified identifier during the years of our analysis was consistently greater than 94% for adult patients. 10 These data include demographic information, an exhaustive list of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, and an indicator for radiology services such as MRI. The Weill Cornell Medicine institutional review board approved our analysis of these data and waived the need for informed consent.
Patient Population
We identified a cohort of all patients discharged from the ED with an ICD-9-CM code for a nonetiologic, symptom-based, neurological diagnosis in the primary discharge diagnosis position. Prior to any analysis, we exhaustively searched all ICD-9-CM codes for nonspecific neurological symptoms that appeared compatible with symptoms included in published definitions of nonfocal TNA (Table 1) . 5, 7 Symptoms of focal TNA, which are symptoms recognized as having a clear vascular anatomic localization, were not included. 5 As positive controls, we also included patients discharged from the ED with a primary discharge diagnosis of TIA (ICD-9-CM code 435.x), since TIA is a known herald of stroke. This diagnosis code for TIA has been shown to have positive predictive values of 70% or greater.
11 Following the methods of other studies on this topic, 12 we selected patients discharged with a primary discharge diagnosis of renal colic (ICD-9-CM code 788.0) as negative controls. Patients with a documented stroke prior to or at their index visit were excluded. Nonresidents of New York State were excluded to maximize follow-up. Since we had data through 2013, we excluded patients with an index visit in 2013 so as to have at least 1 year of follow-up for all patients.
Measurements
The primary outcome was any subsequent hospital admission for acute ischemic stroke, as defined by a validated ICD-9-CM discharge diagnosis code algorithm. 13 This algorithm has 95% specificity and 88% positive predictive value for ischemic stroke. Patients were censored at the time of in-hospital death or December 31, 2013. Using ICD-9-CM codes, we identified the following vascular risk factors and comorbidities at the time of the index visit: hypertension, diabetes, coronary artery disease, congestive heart failure, atrial fibrillation, peripheral vascular disease, chronic obstructive pulmonary disease, chronic kidney disease, tobacco use, and alcohol abuse.
Data Analysis
We used standard descriptive statistics with exact confidence intervals (CIs) to report crude rates. Kaplan-Meier survival statistics were used to calculate incidence rates and cumulative rates of stroke. We used Cox proportional hazards modeling to assess the relationship between the index diagnosis (ie, TNA, TIA, or renal colic) and subsequent stroke, while adjusting for demographics and vascular risk factors and comorbidities. In a subgroup analysis, we stratified patients by age (under 60 and greater than or equal to 60 years of age) in accordance with the ABCD 2 score TIA risk stratification model. 14 We also performed several sensitivity analyses. First, we limited our TNA cohort to only patients discharged from the ED with primary discharge diagnoses of encephalopathy or nonspecific sensory symptoms, because these are the 2 symptoms that appeared to be most strongly associated with acute infarction on MRI. 7 Second, we limited our cohort to those patients discharged from the ED without having undergone either computed tomography (CT) or MRI, because we were interested in whether such patients with limited evaluation represented an especially at-risk population. Third, in a post hoc sensitivity analysis, to account for the association between hospital-based diagnosis of migraine and subsequent stroke, 15 we included prior hospital-based migraine (ICD-9-CM code 346) as an additional covariate in the Cox proportional hazards model. This diagnosis code has been used to ascertain migraine diagnoses in prior population-based studies. 16 The proportional hazards assumption was confirmed by the inspection of log-log plots. Missing data were not imputed. All analyses were performed using Stata/MP, version 13 (StataCorp, College Station, Texas). The threshold of statistical significance allowed for an a error of .05.
Results
We identified 499 369 patients discharged from the ED with a primary discharge diagnosis code consistent with TNA symptoms. We also identified 78 273 patients with renal colic and 20 445 patients with TIA. The mean age of patients with TNA was 51.0 (+19.4) years, and 62.3% were female. Patients with TIA were older and had more vascular risk factors than patients with TNA symptoms, who were in turn older and had more vascular risk factors than patients with renal colic (Table 2) . Prior to discharge, 185 957 (37.2%) patients with TNA symptoms underwent CT, 12 977 (2.6%) underwent MRI, and 260 782 (52.2%) underwent electrocardiogram; these rates were substantially lower than for patients discharged with TIA (Table 2) .
Over 4.7 (+1.89) years of follow-up, 9701 (1.62%; 95% CI: 1.59%-1.65%) patients were hospitalized for an ischemic stroke. Patients with stroke were older, more likely to be male, and more likely to have a multitude of vascular risk factors (Table 3) . Incidence rates of stroke were 4.1 (95% CI: 4.0-4.2) per 1000 person-years after discharge with TNA symptoms, 20.2 (95% CI: 19.3-21.2) per 1000 person-years after TIA, and (Figure 1 ). After adjustment for demographics and vascular comorbidities, TNA symptoms were associated with a higher hazard of stroke when compared to renal colic (hazard ratio [HR]: 2.13; 95% CI: 1.90-2.40) but a significantly lower hazard when compared to TIA (HR: 0.47; 95% CI: 0.44-0.50).
In subgroup analysis stratified by age, compared to TIA, TNA was less strongly associated with stroke among patients under 60 years of age (HR: 0.22; 95% CI: 0.19-0.25) compared to those 60 years of age and older (HR: 0.50; 95% CI: 0.47-0.53; P < .001 for interaction). In a sensitivity analysis, altered mental status (HR: 2.81; 95% CI: 2.44-3.24) and nonspecific sensory disturbances (HR: 2.59; 95% CI: 2.27-2.96) appeared slightly more strongly associated with stroke than observed in the primary analysis. An additional sensitivity analysis restricting patients with TNA to those who did not undergo neuroimaging did not change our results. Last, additionally adjusting for a prior hospital-based diagnosis of migraine did not change our results.
Discussion
Patients discharged from the ED with a primary discharge diagnosis code for TNA symptoms experienced an increased long-term rate of ischemic stroke as compared to those discharged with a diagnosis of renal colic, but the absolute rate was low in general and significantly lower than the risk after TIA.
Our findings should be considered in light of several important prior studies. A seminal study on this topic found a slight but nonsignificant association between nonfocal TNA and subsequent ischemic stroke (HR: 1.16; 95 CI: 0.65-2.08). 5 However, given the wide CI, this study may have been underpowered (n ¼ 228) to find an association between TNA and ischemic stroke. An association between ED discharge for TNA symptoms and subsequent stroke is plausible given the known association between TNA and incident dementia and vascular death. 5 Additionally, over time, certain symptoms previously considered nonspecific, such as isolated vertigo and isolated diplopia, have become recognized as TIA equivalents in terms Cumulative acute ischemic stroke rates after transient neurological attack, transient ischemic attack, and renal colic. The cumulative rate of acute ischemic stroke after emergency department discharge for nonspecific neurological symptoms is higher than that after discharge for renal colic but markedly lower than that after discharge for transient ischemic attack, which is also uniquely followed by a short-term increase in stroke rate.
of the risk of subsequent infarction in the posterior circulation. [17] [18] [19] [20] [21] This raises the possibility that additional TNA symptoms may have similar clinical and pathophysiological relevance. However, our finding of a low absolute population-level stroke rate after presentation with TNA symptoms challenges recent data, suggesting a high rate of brain infarction in patients with TNA. 7, 8 Both studies were restricted to patients who were referred to specialized TIA clinics and diagnosed by stroke neurologists, suggesting that the surprisingly high rate of brain infarction may have been due to selection of particularly high-risk patients. Although there may be some high-risk patients within the wider population of those presenting with nonspecific TNA symptoms, such as those with altered mental status, our findings suggest that at a population level and particularly in those under the age of 60, targeting patients with TNA symptoms may not be of substantial yield in reducing stroke risk. Therefore, our findings do not support indiscriminate aggressive risk stratification for patients presenting with nonspecific neurological symptoms, particularly in younger patients.
Our study benefits from its large size, its use of populationlevel data, the demographically heterogeneous nature of New York State, and the use of several sensitivity analyses to identify subgroups at high risk of stroke among patients presenting with TNA. However, the study has several limitations. First, the study was retrospective in design and relied on administrative claims data. Patients discharged from the ED with a discharge diagnosis of TNA symptoms are likely a heterogeneous group, especially given the low interobserver agreement in making the competing diagnosis of TIA. 22 The diagnosis codes for TNA were not validated. This raises the possibility of misclassification errors. For example, patients assigned diagnosis codes for TNA symptoms may in fact have had nonvascular diagnoses such as ophthalmological disorders or neuropathy, which would not be expected to be associated with stroke. As a result, the risk of stroke observed in our cohort of patients with TNA may be an underestimation. Further, there may be intergroup misclassification between TNA and TIA. Substantial intergroup misclassification would be expected to attenuate intergroup differences in stroke risk. Because patients with TNA and TIA were observed to have significantly different stroke risks, we surmise that the likelihood of substantial intergroup misclassification is low. However, any intergroup misclassification error raises the possibility that our findings underestimate the difference in stroke risk between patients with TNA and TIA. In other studies on this subject, TNA and TIA were adjudicated by neurologists; however, they identified patients with TNA from among a group of high-risk patients referred to a TIA clinic, 7, 8 and adjudicators' interobserved agreement was low. 7 Additionally, discharge diagnosis codes do not reflect the duration of symptoms, acuity of onset, or other clinical features that may be helpful in characterizing a patient's complaints. Specifically, although previous reports focused on transient neurological symptoms, we cannot comment on the length of time patients had neurologic symptoms in our study. However, we were interested precisely in the overall prognosis of all patients currently found to have symptomatology consistent with TNA upon ED evaluation. The availability of further clinical detail would be unlikely to change our finding that, as a group, patients presenting to and discharged from the ED with nonspecific neurological symptoms face a low risk of future stroke. Second, our data are limited to patients presenting to an ED, so our findings may not be generalizable to other ambulatory settings. Third, patients with acute ischemic stroke who presented with stroke to hospitals outside of New York State were not captured as outcomes. However, this limitation applies equally to all exposure groups. Similarly, our data were not linked to vital statistics data; patients were therefore not censored at the time of out-of-hospital death. The inability to account for the competing risk of out-of-hospital death may result in less robust point estimates of risk in any individual exposure group. However, comparison of stroke risk between groups should not be significantly influenced by this limitation. Last, the rate of stroke after TIA was lower than historical controls, 23 likely due to our inclusion of only low-risk patients discharged directly from the ED. This limitation represents a conservative bias because it would likely result in an underestimation of the difference in stroke risk between patients with TIA and TNA symptoms. Alternatively, the rate of stroke after TIA observed in our analysis may be related to improvements in TIA care. 24, 25 Our findings suggest that patients discharged from the ED with a diagnosis of a nonspecific TNA symptom face a low overall risk of subsequent ischemic stroke. Although further research to risk stratify these patients is warranted, the overall group of patients currently discharged from the ED with TNA symptoms does not appear to represent a high-risk population in need of time-sensitive stroke prevention interventions.
